We experimentally demonstrate that a new nanolens of designed plasmonic subwavelength aperture can focus light to a single-line with its width beyond the diffraction limit that sets the smallest achievable line width at half the wavelength. The measurements indicate that the effect of the near-field on the light focused is negligible in the intermediate zone of 2 < kr < 4 where the line-width is smaller than the limit.
2 Nano-photonic metamaterials have unusual properties such as negative refraction [1] [2] and extraordinary light transmission [3] [4] . A superlens [5] [6] [7] [8] [9] [10] made of negative index materials (NIM) was proposed [5] to amplify the evanescent near-field [11] [12] [13] [14] in order to image an electrostatic field source with its size smaller than half the illumination wavelength, λ. In an implementation [6] , as a typical example, the object layer of the sandwiched superlens is with metal lines of λ/6 width. The electrostatic field of the line charges polarized by the illuminating light excites the surface plasmons on the Ag film to produce an image on the surface of the adjacent photoresist layer. The half-pitch resolution of the photoresist image can remarkably be as small as the metal line width of λ/6 that is better than that of the conventional lens limited by E. Abbe's diffraction [15] [16] , but the typical averaged height modulation is less than λ/30.
Furthermore, the physical mechanisms and the governing equations are different. For the superlens, what is involved is the electrostatic field governed by the Poisson equation. Also, both the object and the image have to be in the near zone [17] .
Although the image's electrostatic near-field in another implementation [7] can be coupled to propagating fields outside the near zone, the full-width at the half-maximum (FWHM) becomes larger than that limited by Abbe's diffraction.
In general, there are two different definitions of the diffraction limit. Abbe's theory [15] [16] of image formation and the equivalent approach by L. Rayleigh [15, 18] concern the resolution of two light spots resulting from the focusing of two light sources by a lens. The propagating fields governed by Maxwell's wave equations are of concern by the diffraction limit. Thus, the superlens bypasses Abbe's imaging limit, but does not challenge the physical mechanism of the diffraction limit. 3 A more rigorous and influential definition is on the spot size of a light focused by a lens, defined as the FWHM of the wave energy or as twice the position uncertainty; the smallest line width achievable is half the wavelength. This limit is the ultimate manipulability and resolution of numerous diagnostic and fabrication instruments. This limit also inspired W. Heisenberg's quantum uncertainty principle [19] that is a foundation of modern science; in fact, they can be deduced from each other [19] [20] [21] .
In contrast to the superlens, superoscillation [22] [23] [24] [25] suggests that a wave function can vary spatially faster than the highest frequency component. Interestingly, a quasicrystal array of about 14 000 nanoholes [23] [24] of 200 nm diameter in a metal screen produces a pattern of hot spots. However, the distance between the spots is larger than Abbe's limit, and the size of the overall wave function remains as large as the array area of 0.2 mm diameter. Also, generating a single focal spot involves difficulties.
In this letter, an innovative approach and the mechanisms to focus light to a singleline with its width beyond the diffraction limit [26] [27] are experimentally demonstrated with a nanolens including a metallic film with a double-slit and a patterned exit structure, as shown in Fig. 1 . The focused light is measured by a near-field scanning optical microscope (NSOM) and an optical microscope (OM). The results verify that the focused fields are radiative and the involvement of near-field is negligible [26] [27] .
A thin silver film on the fused silica substrate fabricated by a Focused Ion Beam (FIB) (as shown in Fig. 1b and 1c) is employed as our lens of focusing aperture beyond The FIB milling starts with a trench of 480 nm in width and 80 nm in depth, followed by the slits and then the grooves.
In our experiments, a plane wave of 633 nm light illuminates the FAB nanolens.
With the NSOM scanner (Aurora-3, Veeco) [28] [29] , the focused light is collected by tapered Al-coated fiber probes (1642-00, Veeco) 50 nm or 100 nm in diameter and then detected by a photomultiplier tube (R2949, Hamamatsu) through a microscope objective (PlanAPO, 50X, NA＝0.8, Olympus). The constant scanning rate in x-z is set at 5 μm/s, and the scanning range is 1000×1000 nm 2 . When using the OM (BX51M, MS Plan 100X objective, NA=0.95, Olympus), the focused light propagates about a distance of 500 λ to reach the object lens and then about 295,000 λ further for being recorded by the charge-coupled device. In the Finite-Difference-Time-Domain (FDTD) simulation [30] , the system has 1000 × 500 cells of the Yee space lattice with a cell size of 5 nm.
The refractive index used is 1.4568 for fused silica [31] and 0.13417 + i 3.9915 for silver [31] . fields. Thus, this confirms that the focused fields have the momentum to propagate to the far zone [17] . The ability of the focus fields to propagate is of academic concern with regard to the diffraction limit. Since this data is an indicator of the capability and simplicity of this approach for moving the focal point and the field energy away from 6 the surface, it is clear that the FAB nanolens is superior to evanescent near-field techniques [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] for many critical applications.
The involvement of near-field on the line width of the light focused is quantitatively investigated in-depth. Figure 4a indicates the agreement of the NSOM measurements and the simulation results on the FWHM is good for the normalized distance 2 < kr < 4 (i.e., between 1/3 and 2/3 of the wavelength.) At the low kr region, the time-averaged E x field energy peaks at the two converging paths of the bended E x field from the two slits so that it is only plotted for the larger kr region. The FWHMs of both the calculated snapshot E x and H z field energies are found to agree well with the (Fig. 4b) , which is dominated by the near-field, the distance of half the measured field energy is kr = 0.66 or 0.1 λ; that is consistent with the near zone boundary measured by other NSOMs [28] [29] and also with our measurements (Fig. 4b ) at x = 0 nm (i.e., at the center of the aperture). The profiles of our NSOM measurement at the center, including the peak locations, are found to agree with those of the time-averaged E x field energy from the simulation. The derivative of the NSOM measured profiles changes its sign at kr = 1 so that the increase from the simulation. The NSOM profile is from the x-z distribution averaged over z, and its peak is normalized to that of the simulation. The r profiles of the NSOM measurements at x = 320 nm (purple squares), at x = 0 nm with the probe diameter of 50 nm (dark green dots) and 100 nm (light green triangles), and the time-averaged E x field energy (blue curve) normalized to the peak of 50 nm NSOM measurement. 
